In this study, the performance of welded splices in RCC member is judged with respect to lapped splices having straight bars. The objective of this experiment is to find out a safe weld length for welded splices which can be used in beam, column and slab. For that, 12 mm, 16 mm and 20 mm (f y = 500 MPa and weldable) rebars were used, having an electrode of E 60Ksi . Selected bars were welded together with different welding lengths ranging between 25 to 150 mm and conducted tension and bending tests on them. It was found that 100 mm welding was adequate for all bars. So, this length was considered the safe weld length for welded splices. Specimens of beam, column and slab were prepared and tested with welded splices and straight bars. The effects of load on beam, column and slab for both types of bars were observed and found almost same when 100mm welded splices are used.
Introduction
Concrete reinforcing bars or more technically known as deformed steel reinforcing bars are used in reinforced concrete construction (Nilson, 1997) . This includes buildings, bridges, lacks, dams, docks, piers, etc. (Institute, 1947) . Concrete is strong in compression but weak in tension. By using deformed steel reinforcing bars embedded in concrete, tensile stresses can be accommodated, thus, reinforced concrete provides both compression strength and tensile strength (Abrams, 1913; Ferguson and Breen, 1965) . Due to the limitation of rebar length, sometimes rebar need to be joined together in structural elements which called lapping. This helps transfer loads properly throughout the structure. Lapping means the overlap of spliced steel structural members or the overlap of reinforcing steel splices in reinforced concrete. Splicing can be done by overlapping the bars from 20 to 40 times of rebar diameters to transmit the load from one bar to another in concrete (CRSI, 1924; BIS, 2000) . This method is wasteful of the steel and sometimes impractical, especially when splices are be made in heavily reinforced columns. The close spacing of the bars makes lap splicing particularly difficult and often requires a larger column diameter to provide sufficient concrete between bars and covering the bars (Chamberlin, 1958; Romualdi and Batson, 1963) .
On the other hand, welded splices overlap very little, less rebar is used, reducing materials cost. Easier placement of the bars saves valuable time and helps to keep labour costs to a minimum while maintaining or accelerating project schedules. Welding is found increasingly important for splicing concrete reinforcing bars. Splices of reinforcement shall be made only as required or permitted on design drawings, or in the specifications, or as authorised by the engineer. In BNBC (Bangladesh National Building Code-2006) 8.2.12.3 section, there is some requirement for welded splices and mechanical connections. These are given below:
• except as provided in the code, all welding shall conform to "Structural Welding Code-Reinforcing Steel" (AWSD1.4)
• welded splices shall be welded to develop strength of at least 125% of specified yield strength ƒy of the bar.
The calculation procedure suggested by the code is tedious to calculate and the variation exists in the weldable length of each rebar. In this paper, apart from the existing guidelines, an alternative and effective weldable length is tried to propose (based on experimental values) that is just enough to facilitate the RCC members same load as done by the straight bar.
Materials used in this research
The experimental investigation is conducted a detailed below. All the materials tests were conducted in the laboratory as per relevant ACI and ASTM standard codes.
• Coarse aggregate: Locally available coarse aggregate was used in this work. Aggregate passing through 20 mm sieve and retained on 4 mm sieve.
• Fine aggregate: First class locally available Sylhet Sand was used and Fineness Modulus (FM) was 2.5.
• Cement: In this experiment ordinary portland cement (OPC) ASTM Type -1 was used. The percentage of Clinker is 95-100% and Gypsum is 0-5% (SCBL, 2016).
• Reinforcement: In this experiment deform bar was used which is manufactured with compatible to ISO 6935. 12 mm, 16 mm and 20 mm dia rebars were used as main reinforcement having a yield strength of 500 W MPa (72.5 ksi), ultimate strength is 575 MPa (83.5 ksi) and Elongation is 14%.
• Electrode: Here E6012 mild steel electrode was used for round arc welding according to AWS code (AWS, 2005) .
Methodology

Tensile strength test of welded splices
The tensile strength of a material is the maximum amount of tensile stress that it can take before failure. By universal testing machine (UTM) welded reinforced bars were tested and data was collected for analysis ( Table 1 ). The test was done according to the ASTM E8/E8M -09 method (ASTM, 2009a). 
Bending strength test of welded splices
The severity of the bend test is primarily a function of the angle of bend and the inside diameter to which the specimen is bent, and of the cross section of the specimen. The bend test for 12 mm, 16 mm and 20 mm rebars was done according to the ASTM-E190 testing method (ASTM, 2009b) . Bending test was conducted up to 90 degrees in two positions for 100 mm (4 inches, why 100 mm -is actually described in Section 4.1) welding to see whether it is satisfactory for bending (Table 2) . 
Concrete compressive strength test
To find out the compressive strength of concrete, three cylinders (dia-150 mm and height-300 mm) were made and tested. The specimens were taken out from the curing tank after 28 days and wiped out the excess water from the surface of the specimen (C192-16, 2016). The specimens were placed vertically on the platform of compression testing machine. The test was done according to the ASTM C39/C39M -15a method (ASTM, 2001 ). This method consists of applying a compressive axial load to moulded cylinders or cores at a rate which is within a prescribed range until failure occurs.
Compressive load test of column
Six column specimens (200 mm × 200 mm × 700 mm) were prepared and tested under axial compressive load. Three columns were prepared with 100 mm welded splices and three columns were prepared with a straight bar. In each column specimen, four 16 mm rebar were used as longitudinal reinforcement and 12 mm rebar was used as a shear bar with a spacing of 125 mm. Then these columns were cast in 1 : 2 : 4 concrete mix ratio. After one day of casting, shuttering was removed and kept for curing. When 28 days curing process was completed (C192-16, 2016), the specimen was used for compressive strength test and data were taken. The test was done according to the code ASTM C39/C39M -15a method (ASTM, 2001).
Flexure load test of beam
Six RCC beam specimens were prepared and tested under one point loading. Three beams were prepared with 100 mm welded splices and three beams were prepared with a straight bar. 
Slab test
Six slab specimens (500 mm × 500 mm × 100 mm) were prepared and tested under a point load at mid-level. Three slabs were prepared with 100 mm welded splices and three slabs were prepared with a straight bar. 12 mm rebar was used as main reinforcement in both directions with the spacing of 125 mm.
Result and discussion
Safe weld length
In this study, safe weld length of welded splices was tried to find out for 12 mm, 16 mm and 20 mm rebars. Two 375 mm long bars were welded together at 25 mm, 50 mm, 75 mm, 100 mm, 125 mm and 150 mm lapping length and conducted tension test to find out a safe weld length. From this test, a safe weld length was found out. The tension test of welded lapping is shown in Figures 1-3 and Table 1 . After completing the tension test, experimental data shows for 25-75 mm welding, weld failed but the rebar did not fail. And from 100 mm to above, rebar i.e., steel failed, but weld did not fail. So 100 mm weld length is considered as optimum safe length for welded splices.
Bending test of rebar
Considering 100 mm safe weld length for welded splices, bending test was also conducted for 12 mm, 16 mm and 20 mm rebars to find out whether the length found above is also safe for bending. Bending test was done in two positions, position A (shown in Figure 4 ) and position B (shown in Figure 5 ). Bending test was conducted up to 90 degrees for both positions, shown in Figures 6 and 7 . The test result was found satisfactory (Table 2 ) since after conducting bending test, it was found that non-mentionable damage occurred in welded portion, which is also safe for bending. 
Compressive strength of concrete
To find out the compressive strength of concrete, three cylinders were made and tested (Table 3 ). The diameter of the cylinder was 150 mm and height was 300 mm. From concrete cylinder compressive strength test data, average c f ′ was taken and it was 14.53 MPa psi. 
Column compression test
Three columns were prepared with 100 mm welded splices and other three columns were prepared with a straight bar. Compressive load test setup and data of column are shown Figures 8 and 9 and Table 4 . The average of ultimate load of the column for welded splices is 941.60 KN and for the straight bar is 944.93 KN. Experimental results show that the average ultimate load is almost same (Table 4 ). The result also shows that the experimental ultimate load is greater than theoretical ultimate load. So in both sense, 100 mm weld length can be used as an alternative of conventional lap splices. 
Flexural test of beam
Three beams were prepared with welded splices and three beams were prepared with a straight bar. Relevant figures of flexure test are shown in Figure 10 . The average of ultimate load of the beam for welded splices is 236.63 KN and for the straight bar is 228.32 KN. Experimental results show that the average ultimate load is almost same. It was also seen that both the theoretical load from flexure and shear were less than any value of experimental respective values, which is satisfactory as well (Table 5) . So 100 mm weld length can be used for welded splices in lieu of rebar as well as conventional lap splices. 
Slab test under concentrated load
Three slabs were prepared with welded splices and other three slabs were prepared with a straight bar. Relevant pictures of the preparation of slab specimen and testing procedure are shown below (Figure 11 ). The average of ultimate load of slab for welded splices is 79.98 KN and for the straight bar is 76.64 KN (Table 6 ). The experimental result shows that the average ultimate load is almost same. So 100 mm weld length can be used for welded splices in lieu of rebar as well as conventional lap splices. 
Savings
In this study straight bar and welded bar were used in beam, column and slab. According to IBC (2006) , the minimum lap splices shall be 40d. For 12 mm rebar lap length requires 500 mm, for 16 mm rebar lap length requires 625 mm and for 20 mm rebar lap length requires 750 m but the experimental result can offer 100 mm weld length for welded splices for those bars. For 12 mm, 16 mm and 20 mm rebars, 80%, 84% and 87% steel can be saved, respectively, in single lap splices work if welded splices are used. At the same time for 12 mm, 16 mm and 20 mm rebars 37, 69 and 111 BDT (1 US Dollar = 80 BDT) can be saved, respectively, in single lap splices work, where the price of steel was considered 52 BDT per kg (Table 7) . In this evaluation cost of welding is not considered. But it can be said that the cost of welding will be marginal comparing the materials cost. 
Conclusion
• From experimental study, it is found that in tension test for 25-75 mm welded splices, weld failed but the bar did not fail.
• For 100 mm to above weld splices, bar failed, but weld did not fail. So 100 mm weld can be considered as safe weld length for welded splices.
• Considering this safe length, bending test was conducted up to 90 degrees and it was also found satisfactory.
• The average ultimate experimental loads of beam, column and slab are almost same for welded splices and straight bar.
• Therefore, it can be proposed that 100 mm weld splice can offer the same strength like the straight bar (12 mm, 16 mm and 20 mm rebars -500 W).
• Therefore, it can also be proposed that 100 mm weld splice can be used as an alternative to the other recommended splicing techniques for 12 mm, 16 mm and 20 mm rebars -500 W.
